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FROM: GP-4/Office of Assistant General 

Counsel for Patent Matters 

SUBJECT: Announcement of NASA-Owned U.S. Patents in STZ-vR 


In accordance with the procedures agreed upon by Code GP-4 
and Code NHB , the enclosed NASA-owned U.S. Patent is being 
forwarded for abstracting and announcment in NASA STAR. 


The following information is provided; 


U.S. Patent No. 

Government or 
Corxjorate Employee 

Supplementary Corporate 
Source (if applicable) 

NASA Patent Case No. 


California 

Institute of 

Technology , 

Pasadena, CA 

JPL 


NPO-11,150 

.« 


- Is this an invention made by a corporate employee 

NO i i 


NOTE 

of a NASA contractor? 


YES 


JK_ 


If "YES" is checked, the following is applicable: Pursuant 

to Section 305(a) of the National Aeronautics and Space 7\ct, 
the naTHG of the Administrator of NASA appears on the first 
page of the patent; however, the name of the actual inven tor 
(author) appears at the heading of column No. 1 of the 
Specification, following the words "...with respect to an 
invont.Lon of ..." 


Elizabeth A. Cartey(v.x. 
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PRESSURE TRANSDUCER 
ORH3IN OF THE INVENTION 

The invention described hereir. «ras made in the per- 
formance of work under a NASA contract and is subject to the 
provisions of Section 30S of the National Aeronautics and 
Space Act of 1958, Public Uw 83-568 (72 StaL 435; 42 USC 
2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

TIu invexitKKi is in the field of pressure transducers. More 
particulariy, the inreniioa relates to the novel utilizatioa d a 
panicular mcmomeric charge-tranter complex as a sensing 
element in a pressure transducer and the resulting transducer 
which possesses high-pt^s^ure sensitivity. 

2. Ifccription of the Prior Art 

Prior to the herein invention, sevcraj studies have been con- 
ducted relatii^ to the pressure dopendecce of the conductivi- 
ty organic semiconductors. T..e studies have included 
materials stsb as polycyclic aromatic hydrocarbons, 
polymers, charge-transfer complexes, free radic^ polymers 
sucf; US polyvinyi-anthracene-iodine and monomeric charge- 
transfer complexes. From the studies of these various materi- 
als, it was found that their electrical conductivity increased by 
a fzcxar of from 10 to 10,000 for a tenfold increase of pres- 
sure. In other words, the maximum sensitivity of the prior art 
organic semiconductor devices was a three order magnitude 
increase in ccHiductivity for a tenfold increase in pressure. 
This range of sensitivity was not sufficient to provide 
widespread utilization of these materials for pressure traradu- 


osreers and summary <x the invention 

Thus, an object of this inverrikm is to provide a press'ire 
transducer utilizing a novel sensing elentenL . 

A further otgect d this invenlitm is to provide a sersiug ele- 
ment for a pressure transducer which possesses a sigmficantly 
greater sensitivity to increase in pressure than similar prioi art 
Gsterials. 

The above and other objects of the inventicKi are derived 
from die utiltzaticn of the monomeric charge-transfer com- 
plex pyrene-tetracyanoethylene as the scoring elcmenl in a 
pressure trai^ucer. This chaige-transfcr cc-mplex can be pro- 
vided in the fonn of a polycrystsl ine powder comprised of a 
plurality of crystals, or preferably one relatively large single 
ciyeiai u3 which can be attached cor>ductiye Uect.'odes. l-eads 
from these electrodes then will (efiect the chinged condu : livi- 
ty of the complex when subjected to o smpressioa in a 
direction normal to the phites. F urther, the item can be encap- 
sulated in a Rexible protective Iiousing such that it can be util- 
ized in underwster envir«iraer.ti! and the like, to obtain depth 
ineasuretaenK and oi.bcr desrabie pressure data. As will be 
shown, the charge-transfer cotnplex has an electroconductivi- 
ty which is much mote sensitive to pressure other than other 
charge-transfer ccmple.xes. 

BRIEF INSCRIPTION (N THE DRAWINCS 

FIG. t is a schematic diagram of a technical presstite trans- 
ducer of the inventkm, together with a circuit in which H 
urould be utilized. 

FIG. 2 is 8 chart disclosing the change in resstivity of the 
comple'.t of ths material in relation to pressure. 

DEIXTUPTION OF T.iE PREFERRED EMBWHMENTS 

Prior to the herein fovention. the complex of pyrene and 
tetracyanoethytene, hereinafter referred to as TCNE, was 
known. 

Unexpectedly, however, in the course of the development 
of the herein invention, i> has been found that this complex 
has an eiectrica! resistivity lhal is much more sensitive to pres- 
sure than any other known material of a siaular nature. 


The complex of pyrene and TCNE is prepared by preferably 
dissolving approximately equal portions of these materials in a 
suitable solvent such as ethylacetate. Additional other suhabie 
solvents will include, for example, benzene, toluene, 
^ tetrahydrofunm and the like. 

The two components can be (fissolved in a targe excess of 
solvent without heating. However, it is preferable to disserve 
each component in solvent and heat tame to between about 
j . 5<y and 80° C. or up to the boiling pwtt of the solvent. The in- 
dividual heated scriuttons are then mixed together. Tlie solu- 
tion of pyrene and TCNE may be evaporated in a beaker 
under a hood or in a flask by applying a low vacuum. The size 
d the resulting crystals Spends on the time period of 
15 evaporation. The slower the rate the evaporation the larger 
the crystals obuined. After formatiem of tiK crystals, they are 
filtered from the remaining solvent in the reactics} vessel. 

It is <^n desirable to provide the resulting compiez in the 
form of a single crystal to which conductive plates couid be 
20 adequately bonded, lltc process to obtain a siog.^ crystal is 
the same as previously described for several crystals, however 
the rolvent is evaporated much slo'jver. A. typtcal crystal on the 
order to 3X4 miliimeters/2 miUimsters ^ck can this be 
formed upon stow eveporation over, for example, a several 
25 day period. This slow evaporation might occur, for example, 
under a nitrogen gas atmosphere. 

In addition to providing a single relatively large crystal, a 
pellet of many smaQ crystals can be used. It has been found 
that ground or crushed crystals of the cotnplex can be pressed 
into a coherent pellet mass; this {leliet can be utilized in the 
same manner as a single crystal v/ith good results. .As can be 
appreciated, the formation of such a pellet enables one to con- 
trol the size tlvr sensing element framed from the complex. 

.. Referring to RG. I, there is seen a single crysisl X! the 
pyrene-TCNE complex. To the opposite largest surfaces of foe 
crystal are bonded conductive plates 13 which can be formed 
of silver or rXher suitable hf^ily conductive maierial. The 
plates can be bonded to the cty^ by rilver paste, solder or 
^ other like coixluctive adhesive-type material. 

Individual leads IS arc affixed to sadi d the plats 13 and 
are directed to both a power source 17 ar>d a meter 19 forming 
a circuit such that the variaixx in conductivity of the complex 
1 1 can be adequately measured with changes in external pres- 
45 sure upon the plates 13. The power source can supply virbialiy 
any voltage up to 109 volts. Above this excessive hiding will . 
occur. Voltages as low as microvolts can be used provided the 
current is sufficient to achieve the dedred results. 

For many applications it is particulariy iksfrable that the 
50 crystalline complex II, together with its associated plates 13 
be isolated from the surrounding environment. This is paiticu- 
lariy so when the device would be utilized in underwater e&- 
viroiunents. Thus, the crystal and plates may be erxspBulated 
by with a suitable maierial 21 which can be a flexible resin 
material such as epoxy resins, elkyd resins end other known 
coatings. Addrdona’ly, a rubber toe :asSeriiJ can be used. 
The main requirements of the encspsiUatins material 21, d 
course, h that it be flexible and allow iJeflection of the plate* 
^ 21toprovideacompressionof the crystal 11, when pressure is 
exerto in the direction of the arrow shown. 

It si'XNild be pointed out (bat the '^sultirig pressure trant- 
duccT 23 shown in RG. 1 is not of nn inheietilly novel con- 
struction Sind that wide latitude can be utilized in desgning 
g 5 such a trunsducer. The novelty of t'te transducer, however, 
lies in the particular use of the cofTip.’rx of pyrene and TCNE 
as a sensing element 11 to provide the unusual and unex- 
pected highly sensitive pressure dependence. 

Though the specific embodiment shown dbcloees conduc- 
70 live plates affixed to the crystal complex maienal, mere elec- 
trical leads can be bonded to the surfaces cf a single crystal or 
pellet and uic desired results obtaitted. Thus, any suitabi'e con- 
ductive electrode material is contemplated. 

It is believed that the invention will be better i.'Kia'itood 
T5 ftom the following detailed example; 
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EXAMPLE 

Equal molar portions ot pyrene and TONE were dissolved in 
ethylsceiaie. Spedficaily. 2.02 g. of pyrene was dissolved in 
SO ml. ot ethytacetate and the muctuie heated until the pyrene j 
tiissolved. 1.28 g. cf TCN'E was dissolved in SO ml. erf 
eOiylacetate and nurture heated untit the TCNE dissolved. 
The two hot solutions were then mixed together in a glass ves- 
sel. After the solution was achieved, the mixture was then al- 
iowed to stand under a hood end the solvent slowly ]q 
evaporated over a period erf 12 hours. Remaining in the hot- 
bxn of the vessel were dark blue crystals of the complex of 
pyrene end TCNE. The crystals were then filtered fran the 
remaining soIv«it 

The resulting crystab w^ere then ground in a motar. This was IS 
done to prevent the crystals from exploding out of the pres- 
sure appatants used, as wet) as insuring a high density of the 
crystals per volume within the pressure apparatus. 

Tee gtound crystals were then plac^ in a pressure ap- 
paratus which utilired two opposed vanadium alloy steel anvils 20 
laving a dianteter of one-fourth of an inch. The anvUs were 
connected by ie&is to a Kcithey Electrometer such that re- 
sistivity determinations could be made. This test arrangement 
is described on page 82 of Progress in Dielectrics, Vol. 6, 
Academic Press, Inc., (1965). The anvils were placed in a 25 
hydraulic prefs type of pressure eppamrus so that various 
pressures could be ai^lied between them. Care was taken to 
ensure that any spurious voltages across the samples were a 
factor of 100 or greater less dtan the applied voltage. All the 
measurements resulting from varying the pressure on tlie 
crystals between the anvils was n^e at room temperatirre. 

The results are shown in the graph of FIG. 2 as indicated by 


4 

theaquares. 

When the same example was repeated utiliiing one-half 
inch diameter anvils the results obtained were cs indicated oo 
the graph of FIG. 2 is indicated by the circles. A<t can be seen, 
the resistivity of the crystals decresws by a factor of 7 orders 
of magnitude between 3.5 and 33 kiioban. This is believed to 
be the largest reported decrease in resistivity for arty krtown 
charge transfer complexes and polymers over such a pressure 
range. Although the results shown in FIG. 2 are with regard to 
finality of fine crystals between conductive pAatst, it should 
be pointed cut that essentially the same results will be 
achkned from a sirtgle large crystaL 

What is claimed is: 

1. A pressure transducer comprisii^ 

two ^>aced-apart electrically conductive electrode surfaces, 
and 

a eeming ele.ment disposed between said surfaces formed of 
the charge-transfer complex of pyrer^tetra- 
cyancelhylene. 

2. The transducer of claim 1 wherein said sensing element is 
comprised of a plurality of crystals. 

3. The tran^ucer of claim 1 wherein said sensing element is 
a pellet formed from a plurality of pressed crystals. 

4. The transducer of claim i whereui the sensing eJeiuent is 
comprised of a single crystal. 

5. The uSTitducei oi ci:tiin 4 wherein; 

said electrically conductive electrode surfaces are bonded 
tc opposite sides of said crystal. 

6. The tr^rsducer of claim 4 further comprising; 

encapeuiating surd sensing element and electrode surfaces 

in a tlexiNe heusing. 
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